The results demonstrated that the acoustic alert deployed within the COOPANS ATM system provides level-1 Situational Awareness to ATCO's compared with an semantic alert which provides not only level-1 of situational awareness for perceived alerts, but also level-2 and level-3 of situational awareness to assist ATCO understanding of critical events and therefore develop more suitable solutions. Consequently, humancentered design of a semantic alert can significantly speed up ATCO's response to STCA, and APW. Furthermore, the sematic alert could alleviate expertise differences by promoting quicker response times for both novice and experienced air traffic controllers.
Introduction
The COOPANS Air Traffic Management (ATM) System provides three kinds of alerts which are designed to alert controllers to three distinct critical risks, Short Term Conflict Alert (STCA), Minimum Safe Altitude Warning (MSAW), and Area Proximity Warning (APW). Activation of any of these three alerts by acoustic design indicates a potential conflict of aircraft, conflict between aircraft and prohibited airspace and conflict between aircraft and terrain, therefore the air traffic controller is expected to respond and resolve the potential conflict as fast as possible to ensure the safety of the aircraft. The COOPANS system is deployed in five countries within Europe, Ireland, Denmark, Sweden, Austria and Croatia, and the air traffic controllers (ATCO) within these five countries all operate a harmonized system which provides three critical alerts using the same audio alerting schema. Furthermore, the COOPANS system is seen as a major step in achieving the European Union aspiration of harmonized ATM systems across Europe in support of Single European Sky (Eurocontrol, 2015) . The activation of the STCA alert on the COOPANS system provides a 90 second warning, that unless appropriate action is taken by air traffic controllers to resolve the conflict, significant risk of collision between aircrafts exists. This introduces time pressure on the ATCO's to identify the nature of the alerts and respond with air traffic control instructions which resolve the conflict situation (Eurocontrol, 2014) . However, previous safety recommendations from aircraft accidents linked to controlled flight into terrain and aircraft collision revealed that most of these accidents occurred in circumstances where MSAW and STCA were available to ATCO's. All of these accidents demonstrated that alerting system configurations provided alerts of the impending situation, but ATCO's failed to provide timely safety advice to flight crew (NTSB, 2006) . The report also indicated that ATM systems were not adequately designed so as to provide ATCO's with effective situation awareness (SA) to make timely decisions. Air traffic controllers must make a rapid judgment of the situation that is being signaled by the automatic alerts provided by an ATM system, and then take the appropriate decision to ensure aviation safety. Interestingly research spanning from 1977 to 2008 has demonstrated that decision errors in aviation may be contributing to up to 60% of all aviation accidents (Jensen & Benel, 1977 ; Buch & Diehl, 1984; Diehl, 1991; Li & Harris, 2008) . Furthermore, recent accident investigations found that poor air traffic control might impact on aviation safety (Daramola, 2014) . The current ATM system is reactive and inefficiencies result in delays with associated negative impacts on economy and safety. Therefore, there is an urgent need to develop novel and strategic methods for ATM, making use of current and future technologies to enable better planning and thereby increase capacity and efficiency, without jeopardizing safety ).
Alerting designs and ATCO's' situation awareness
Current COOPANS system has a potential design issue which is an alert activation for STCA, MSAW or APW might be misinterpreted as the acoustic signal for all three alerts is the same (Beep-Beep-Beep-Beep). This has the potential to induce an ATCO's into misjudging the type of critical alert being presented and in the worst circumstances the ATCO's response may be to simply silence the acoustic alert, not solve the separation risk for example, thereby weakening system safety. Design of salient alerts for ATM systems might be excellent at capturing ATCO's attention and increasing SA. However, this salient alert might immediately divert operator's attentional resources away from the ongoing task, incurring other issues such as startle and primary task error by distraction (Imbert, ). Future human-centered design of ATM system shall be based on a strategic, collaborative and automated concept of operations, as high performance in conflict detection and resolution has the potential to increase both airspace efficiency and the safety of aviation . Based on the above literature review, current research will investigate ATCO's SA between the current acoustic alert and new semantic alert developed by the authors. Therefore, the first null hypothesis of current research is "H 0 : designs of alert has no significant effect on ATCO's SA"; and the alternative hypothesis is "H 1 : design of semantic alert can improve ATCO's SA compared with acoustic alert".
Working experience and information processing
Task performance between novices and experts are different, experts are better at predicting future states than novices (Roth and Woods, 1988; Wickens, 1992) . Experts' mental representations are more organized and conceptually richer than novices; as a consequence, expert's decision-making relies on a deep understanding of situations, whereas novices are based on rigid rules (Hoffman, Trafton and Roebber, 2007) . In circumstances of time-limited situations, such as ATC, the faster the mental processing of the task the better the performance and the faster the processing is completed, the more time is available for subsequent tasks (Salthouse, 1992) . Experienced controllers showed a higher proportion of relative gaze duration and relative fixation duration on relevant areas within the orientation phase than in the other phases. The reason could be that experts spend more time than novices in forming a conceptual understanding of the problem in order to build up a richer and more organized mental representation of the situation (Bruder, Eibfeldt, Maschke & Hasse, 2014). Research in aviation demonstrated that experienced pilots performed in a superior manner compared with less experienced pilots in a study at recognizing deteriorating weather conditions . Furthermore, experts and novices differ in response to dynamic situations; experts were considerably more context-dependent in evaluating situations than novices, allowing them to evaluate situations more holistically than novices (Strauch, 2004) . The increased experience in the environment should lead to the formation of higher level structure such as schemata or mental models, which can be used to organize the complexity and multiplicity of objects in the environment; it can be observed by experienced controllers generating a cognitive picture more easily and faster than novice controllers (Endsely & Bolstad, 1994). There is a need to investigate air traffic controller response time between novices and experts, therefore, the second null hypothesis of current research is "H 0 : working experience has no significant effect on ATCO's response time"; and the alternative hypothesis is "H 1 :experienced ATCO's response time quicker than novice's response time".
Design of alerts and ATCO's experience for conflict resolution
Monitoring aircraft information is an important part of the ATCO's task. Previous research identified a number of safety concerns with ATM systems, such as lack of uniqueness of alarms, multiple false alarms, alarms being counter intuitive and alarms being annoying and increasing ATCO's workload (Ahlstrom, 2003; Newman & Allendofer, 2000) . In the ATC domain, the activation of a safety alert means that the air traffic controllers must resolve a critical situation, often while under time pressure. Auditory alerts can attract the operator's attention regardless of where visual attention is directed, if presented at an audio level to sufficiently overcome background noise. However, the effect of auditory alerts can be diminished if the presentation of an acoustic alert is too high which can lead to controllers being startled. Verbal warnings tailored to specific hazard situations may improve hazard-matching capabilities without substantial trade-off in perceived annoyance (Baldwin, 2011) . The main purpose of ATC is to optimize the flow of traffic and to separate aircraft to prevent collisions both in the air and on the ground; therefore an examination of all possibilities to enhance ATCO's monitoring performance using advanced technology is required (Alonso et al., 2013) . A key objective of ATM system design should be to enable the controller to integrate existing information with the evolving traffic state within the airspace under control. The need to evaluate rapid change in a timely fashion is critical, as inappropriate clearances could place aircraft on conflicting paths thereby disrupting the entire traffic management scheme (Wickens, Miller & Tham, 1996) . Problem-solving studies show fundamental differences between novices and experts in how problems are interpreted, what strategies are devised, what information is used, memory for critical information, and speed and accuracy of problem solving. Experts can see underlying causes and have more complex models of problem solving than novices (Larkin, McDermott, Simon, & Simon, 1980 ). Therefore, current research is aiming to conduct an investigation into the current alerting design within the COOPANS Eurocat Air Traffic Management System, and to develop better alerting design to assist ATCO's handle safety critical events such as conflict detection and resolution is a safer more efficient manner. Based on the above literature review, current research will investigate the interaction effect between alerting designs (acoustic vs. semantic alert) and working experience (expert vs. novice) on air traffic controller's response time. The third null hypothesis is "H 0 : there is no significant interaction effect of alerting design and working experience on ATCO's response time"; and the alternative hypothesis is "H 1 : there is significant interaction effect of alerting design and working experience on ATCO' response time".
In the context of the COOPANS system where all three critical alerts are signaled in the same manner, this may delay an ATCO's problem identification phase and consequently delay the development of resolutions for critical events, it may also have a negative impact on ATCO's performance in conflict detection and resolution . In order to predict motion and project aircraft position into the future, aircraft moving forward must be used as basis for a cognitive projection model, and this implied that longer and more frequencies of fixations were devoted to processing all relevant information. Although good performance was maintained in conflict trails with respect to no conflict trials, greater workload was experienced and measured (Marchitto, Benedetto, Baccino, & Canas, 2016) . Alert activations are known to have a negative effect on the primary task, through the startle effect, which is manifested by increased workload, prolonged time for decision making, and reduced situation awareness all of which can contribute to human error. (Baile, Konstan, and Carlis, 2001; Imbert, Hodgetts, Vachon, & Tremblay, 2014). Design of alerting systems require designers to balance the prominence of the alert and the ease of assimilation into the user's primary task (Maglio and Campbell, 2000) . Current research is to investigate the effectiveness of the alerting designs within the COOPANS Eurocat System. The research objectives are to capture best practice for alerting design (acoustic design vs. semantic design) through controllers' response time to critical events; to evaluate the conflict resolution time between different experience levels of controllers (expert vs. novice); and to investigate the interaction effects between alerting design and controllers' experience on response time for resolving the potential conflicts.
Method

Participants
Seventy-seven participants all currently rated Air Traffic Controllers from Irish Aviation Authority, consisting of fifty-eight males and nineteen females took part in the experiment. The approval of Science and Engineering Research Ethics Committee of Cranfield University was granted in advance of the research taking place. All collected data was only available to the research team and was stored in accordance to the University's Ethical Code and the Data Protection Act.
Apparatus
Training Simulator: The Irish Aviation Authority's contingency and validation platform was used to develop the scenarios for STCA, MSAW and APW alerts for current research. This training platform is an exact copy of the COOPANS Air Traffic Management System. The platform was supplied by THALES Air Traffic Management Systems as part of the COOPANS programme (figure 1a). The software version used was known as THALES-B2.1. No adjustment was made to the configuration of acoustic alert presentation within the COOPANS system, the audio alert (Beep-Beep-Beep-Beep) is referred to as the current acoustic alerts for STCA, APW and MSAW. In addition, a semantic alert presentation using a text to speech program used to convert the specific alert nature to spoken word was developed. In this trial a female voice, "Crystal", in English was used as the computer voice for 3 scenarios, such as Beep-Conflict-Conflict-Beep for STCA; Beep-Altitude-Altitude-Beep for MSAW; and Beep-Airspace-Airspace-Beep for APW. The durations of both semantic alerts and acoustic alerts are the same, as ATCOs' response time was measured relative to the onset of the alert.
Scenarios Presented
In order to provide participants with a high fidelity setting, simulated traffic scenarios were developed using the COOPANS training simulator. The trials were faithful to normal operational configuration, all systems were shown to be operating normally, there was no degradation of weather conditions, and all of the aircraft within the training exercises were airlines and aircraft common to Irish airspace. Current Air Traffic Control Training exercises were used to produce events which would trigger the activation of the COOPANS system safety alerts of STCA, MSAW and APW. Short Term Conflict Alert (STCA) The airspace sector used represented an approach sector, with the radar range set to 40 nm and traffic arriving to and departing from an aerodrome in the centre of the display. A total of 18 aircraft were present in the airspace sector displayed. The STCA is to anticipate positional conflicts within a given airspace and to generate warnings for all eligible system track pairs whose separation is expected to be lower than the defined minimum separation requirement of 1,000 ft vertical separation and three nautical miles lateral separation. A pair of tracks in conflict means that the vertical and horizontal separations are infringed. The visual representation of the STCA is shown as figure 1b.
Minimum Safe Altitude Warning (MSAW)
The airspace sector used represented an approach sector, with the radar range set to 40 nm and traffic arriving to and departing from an aerodrome in the centre of the display. A total of 18 aircraft were present in the airspace sector were displayed. This alert is intended to alert when any aircraft is infringing or predicted to infringe the relief or minimum sector altitude. It is also designed to predict if an aircraft is projected to deviate from the approach path of an airport. The visual representation of the MSAW is shown as figure 1c.
2.3.3
Area Proximity Warning (APW) The airspace sector used represented an approach sector, with the radar range set to 40 nm and traffic arriving to and departing from an aerodrome in the centre of the display. A total of 18 aircraft were present in the airspace sector were displayed. This alert provides a warning that an aircraft is foreseen to enter a Military Operating Area, Danger Area or Prohibited area. The visual representation of the APW is shown as figure 1d.
Research Design
Participants were advised that the trials were in relation to operating the COOPANS Air Traffic Control System and were of approximate 30 minutes duration. Participants were advised that on hearing the audio alert sound they should mark on the radar screen shot the aircraft or aircrafts that were creating the alerting event. The commencement of each trial would be announced by the facilitator. When it was confirmed that the participant understood the processes of the trial, the experiments commenced. Each participant completed three scenarios related to radar screen shots of STCA, APW, and MSAW. Simultaneously, once the participant advised they were ready to begin, the appropriate audio sound (either current COOPANS acoustic alert or Semantic Alert) was activated on Toshiba Portege R830-138. Activation of the recording time was synchronized with the activation of the alert, and the response time was recorded upon correct response to the alert. This process continued until all three scenarios of radar screen shots had been completed. Each participant encountered occurrences of STCA, APW, and MSAW randomly in order to eliminate practice effects. The audio alert presented to the Air Traffic Controllers in trial-A is the acoustic alert that is available within the COOPANS system (Beep-BeepBeep-Beep). The semantic alert of Trial-B consisted of a new semantic audio alert (Beep-Conflict-ConflictBeep). A three-way mixed-design ANOVA with ATCO's response time as the dependent variable was conducted. Alerting design (acoustic alert vs. semantic alert) and experience level (novice vs. expert) were two between-subject factors. Considering the generalizability, two designs were assessed in three scenarios (STCA, APW & MSAW). Scenarios were the within-subject factor. A full factorial design was implemented while evaluating interactions among factors. The adjusted degree of freedom was based on the result of Mauchly's test. Significant level was set at α = .05 for all analysis. Bonferroni tests were performed to identify pairwise differences for factors with more than two levels. Partial eta-square (η ) is a measure of effect size for ANOVA, whereas Cohen's d is an effect size used to evaluate the standardized difference between two means in this study.
Results
Sample Characteristics
Seventy-seven Air Traffic Controllers participated in the current research, thirty-eight participants completed trials using the current COOPANS acoustic alerts, and thirty-nine participants completed the trials using the semantic alert. Participants' working experience as rated air traffic controllers were between 1 and 40 years (M = 11.71, SD = 8.58). Thirty-five participants had worked as Air Traffic Controllers for less than ten years and were classified as novices; forty-two participants had worked as Air Traffic Controllers for more than ten years and were classified as experts. Age of the participants ranged from 20 years old to 62 years old (M = 36.69, SD = 8.79). Response time (seconds) of STCA, APW & MSAW scenarios were collected. Descriptive statistics were showed in table 1. Table 2 summarized the result of three-way ANOVA for alerting design, experience, and scenarios. Based on the result of Mauchly's test, the assumption of sphericity was not violated, = 5.52, p = .063. The results indicated that no three-factor interaction (alerting designs × experience levels × scenarios), F(2, 146) = 0.196, p > .05. No significant interaction between working experience and scenarios, F(2, 146) = 0.956, p = .39. No significant interaction between alerting designs and working experience, F(1, 73) = 0.032, p = .86. Therefore, the third null hypothesis (H 0 : the interaction of alerting designs and working experience would have no effect on ATCO's response time) was not rejected. In summary, the design of the semantic alert significantly reduced ATCO's response time for both expert and novice (figure 2). However, a significant interaction between alerting design and scenario was revealed, F(2, 146) = 10.626, p < .001, = .127. A significant simple main effect for the design within the STCA scenario revealed ATCOs required more time in response to acoustic alert (5.182s) than semantic alert (2.562s), F(1, 75) = 25.142, p < .001, = .251. Also, a significant simple main effect for the design within the APW scenario revealed ATCOs required more time in response to acoustic alert (3.091s) than semantic alert (2.677s), F(1, 75) = 4.662, p < .05, = .059. A significant simple main effect for the design within the MSAW scenario revealed ATCOs required more time in response to acoustic alert (3.712s) than semantic alert (2.779s), F(1, 75) = 4.124, p < .05, = .052. In summary, the semantic alert is promising in efficiently conveying crucial message to ATCOs (figure 3). For the alerting design, a significant main effect was found, F(1, 73) = 17.356, p < .001, = .192. Air traffic controllers required more time in response to acoustic alert (3.961s) than semantic alert (2.669s). Therefore, the first null hypothesis (H 0 : Designs of alert would have no effect on ATCO's response time) was rejected. The main effect of experience is not significant, F(1, 73) = 1.476, p > .05. Therefore, the second null hypothesis (H0: Working experience would have no effect on ATCO's response time) was not rejected. The scenario did have a main effect on ATCO's response time, F(2, 146) = 7.892, p < .001, = .098. The results of Bonferroni posthoc comparison indicated that the mean response time for STCA (3.849s) was significantly longer than that in APW (2.886s), t = 3.733, adjusted p < .001. There was also a trend that the response time for STCA (3.849s) was longer than MSAW (3.209s), t = 2.397, adjusted p = .05.
Testing main effects and interactions among factors on air traffic controllers' response time
Discussion
In the COOPANS Air Traffic Management System where all three critical alerts are signaled in the same manner "Beep-Beep-Beep-Beep", activated alerts may confuse problem identification and consequently delay ATCO's problem-solving strategies to deal with different critical events. Strauch (2004) proposed that high workload, competing task demands, and ambiguous cues can all contribute to an operator's loss of SA, even with experienced and well-trained operators. A key prerequisite of conflict detection and resolution is the capability to guarantee situation awareness amongst relevant stakeholders in order to optimize safe air traffic flows . ATM specialists have clearly defined situation assessment as the process by which the state of situation awareness is achieved (Sarter & Woods, 1994) . There is a need to improve air traffic controllers' situational awareness by designing human-centered alerts in response to critical events.
The design of semantic Alert Significant reducing ATCO's response time
Based on statistical analysis, there are significant differences in ATCO response time between acoustic alert and semantic alert consistently across STCA, and APW (table 1) . The current COOPANS acoustic alert only provides an auditory stimulus by an activated "Beep" to signal "something critical happening", thereafter ATCO's have to figure out what is causing the critical situation and identify exactly what alert was activated among STCA, or APW in order to develop an appropriate resolution strategy. All of these processes present a risk that an incorrect judgment of the type of alert being signaled could result in the application of an inappropriate resolution strategy. Therefore, the acoustic alert only provides level-1 SA for ATCO's, i.e. they perceive the activated critical event (Endsley, 1995) . Despite, high intensity auditory alerts can draw the operator's attention, the alerting effect can also be annoying and lead to controllers being startled thereby further delaying efficient responses (Marshall, Lee, & Austria, 2007) . A poorly designed acoustic alert can distract the operator, decrease situation awareness and subsequent continuous signaling of the alarm can not only disrupt the resolution of the critical situation but also reduce the operator's ability to manage workload (Banbury, Macken, Tremblay & Jones, 2001). By contrast, the newly designed semantic alert provides ATCO's with an initial BEEP to signal "I have an important message for you", following by provided the nature of the alert, i.e. CONFLICT, AIRSPACE or ALTITUDE. The ATCO's can no longer be startled by the activation of the audio warning and as the enhanced design of alert is now more semantically rich and is informing the ATCO precisely the nature of the critical problem, no further cognitive load of evaluating the characteristics of the current situation is required, the ATCO can immediately begin to develop resolution strategies suitable to the specific critical event, thereby providing crucial extra time in a time-limited situation to deploy the most appropriate resolution response. Although solid evidence shows that semantic alert outperforms the acoustic alert across three scenarios, based on the effect size (partial eta square), we did observe that the semantic alert has a better / more efficient effect in STCA ( = .251) than that in either APW ( = .059) or MSAW ( = .052). Given our experiment was not counterbalanced, we cannot exclude the possibility that the ordinal effect (period effect) exists. Another possibility is that the three scenarios did not occur evenly (roughly the occurrences of STCA, APW and MSAW are 92%, 6%, and 2% respectively), therefore the rates of occurrences might have an impact on the effect of semantic alert across three scenarios.
Human-center design improving ATCO's situation awareness
The results demonstrate that the semantic alert has improved ATCO's situational awareness as a result of a more meaningful salient alert. The design of the semantic alert significantly decreased ATCO's response time by not only presenting salient signals (perceive the alert, level-1 of SA), but also providing ATCO's with knowledge of the nature of the situation to be resolved (understanding current situation, level-2 of SA). Therefore, ATCO's have more time to project the evolving flow of aircraft in the near future (projection of future status, level-3 of SA), and develop more effective resolutions to critical events, permitting a more rapid return to ensuring the rest of the aircraft under his/her control continue to be managed in a safe and efficient way (Endsley, 1997) . There is no significant effect on ATCO response time between novice and experienced controllers consistently across STCA, APW and MSAW (Table 1) , suggesting the semantic design outperforms the acoustic design for both novice and expert air traffic controllers. Based on table 1, ATCO's response time on STCA showed the most noticeable difference between acoustic alerts and semantic alerts. This is an interesting finding that may be a difference in the processing resources required for comprehension of alert on each scenario. For instance, the figure (1b) suggest that by default the STCA is an acoustic-only warning that requires the operator understanding the depicted relationship between 2 aircraft, as the STCA screen does not explicitly show "STCA." However, in the other two scenarios (MSAW, figure 1c ; APW, figure 1d), there is an explicit notation of the warning type present on the screen as "MSAW" or "APW," and these types of warnings only involve a single aircraft (not the relationship among 2 aircraft). Because the STCA warning type does not explicitly show the warning type on the screen, and is complicated by having to understand the relationship between 2 aircraft, it may require more cognitive resources toward resolving the nature of the warning. Because of this, the semantic alert might prove most beneficial in this condition. Furthermore, the semantic alert can promote a better understanding of technology-mediated interaction in ATM systems, as it offers specific information across the ATM systems that influence ATCO's cognitive processes from perception to action by providing the representation and projection of air traffic information. The improvement of ATCO's response time is related to the more humancentered design of the semantic alerts, as it provides ATCO's with knowledge of the critical situation occurring. This is achieved by ensuring that the semantic alert is sufficiently salient (initiated by Beep) so that the attentional mechanism and perception process is engaged, followed by the precise nature of critical event (verbal instruction of CONFLICT) reducing the requirement to revert to working memory as there is no necessity to interpret the activated alerts. The results of current research demonstrated that both novice and expert ATCO's response time were significantly reduced in the response to the semantic alert compared with acoustic alert of COOPANS.
Semantic design off-loading ATCO's working memory
The design of the semantic alert has demonstrated a significant main effect of reducing ATCO's response time for both experts and novices across three scenarios. Embedded within many advanced technologies are sophisticated auditory alarms, aimed at drawing the attention of ATCO's to an event of concern. The fundamental issue is that a poorly designed audio alert system has the potential to annoy and distract the operator, to disrupt the tasks that the operator is engaged in and to prolong information processing. All of these have the potential to prevent the operator accurately identifying, prioritizing and responding to abnormal conditions despite the presence of an alerting system designed to enhance safety and assist in retrieving a critical situation (Wood, O'Brien & Hanes, 1987). The human-centered design of the semantic alert provided to ATCO's in this experiment provided them with knowledge, allowing them to react rapidly and accurately in an information rich environment. Furthermore, the semantic alerts were easily distinguishable from each other. The risk of an operator being induced into an error when systems use the same signal to annunciate a number of different alerts is eliminated (Allendorfer, Friedman-Berg & Pai, 2007) . To summarize, current research results, semantic alerts could alleviate the expertise differences between novice and expert of ATCO's by promoting quicker response time to critical events regardless of working experience. It is obvious ATCO's response time is primarily influenced by the design of the alerting schemata, as the design of semantic alert facilitated ATCO's information processing and provided them with specific knowledge in the form of mental model needed by controllers. This semantic alert is proposed as a method for improving ATCO situation awareness by providing for the integration and comprehension of information and facilitating the projection of future status (the higher levels of SA), thus significantly off-loading ATCO's working memory and efficiently directing cognitive processes.
Conclusion
Technology development within Air Traffic Management continues at a pace with substantial programs underway in both Europe through Single European Sky ATM Research and in the United States through Next Generation Air Transportation System. Both programs aim to revolutionize air traffic management provision through advanced technologies. Consequently the requirement to provide air traffic controllers with human-centered design of alerts which are appropriately salient and accurate response to critical situations in order to minimize the side-effect of startle should be of primary importance. The results of current research demonstrated that the acoustic alert of COOPANS provides level-1 of SA to ATCO compared with the enhanced semantic alert providing not only level-1 of SA (perception of the alert), but also level-2 of SA assisting ATCO understanding the nature of critical event for developing quick solutions. Consequently, the design of enhanced semantic alert can significantly reduce ATCO's response time across STCA, APW and MSAW. The use of semantic alerts as part of the COOPANS Air Traffic Management system saved ATCO's response time by providing the nature of the critical situation, therefore providing valuable extra time in a time-limited situation. Furthermore, semantic design could alleviate the expertise differences between novice and expert of ATCO's by promoting quicker response time to critical events regardless of level of expertise. The findings of current research indicate that a single training program integrated with human-centered design of semantic alert could improve both novice and expert ATCO's situational awareness and significantly reduce response time to critical events. This represents significant benefit to the air navigation service provider to reduce training cost. An increasing in air traffic sector capacity allows improved ATCO productivity, initial estimates put this productivity improvement at 1% annually. This represents a saving of €2,728,337 per annum across all five COOPANS Air Navigation Service Provider's or €13,641,685 over EU SES RPII (Eurocontrol ACE, 2013) . The fact that the critical situations are being resolved more safely and efficiently means that ATCO can resume normal operations within the rest of the air traffic control sector sooner. Overall this is foreseen to possibly enable increased capacity within sectors. Civil Aviation Authorities, Air Navigation Service Providers and Air Traffic Management system providers would have benefits from the findings of current research with a view to ensuring that Air Traffic Controllers are provided with the most optimal alerting schemes to increase their situational awareness and performance to handle the unforeseen critical events.
Future Application
The semantic alerting design of the COOPANS Air Traffic Management has the potential to save ATCO's response times to critical situations, providing more time for solution generation and improving the likelihood that the most appropriate resolution strategy will be deployed. The findings of current research provides a means for assessing the benefit of design concepts (acoustic alert vs semantic alert) by the context of the full industrialscale system (COOPANS Air Traffic Management System) and employed trained operators (licensed Air Traffic Controllers) under realistic conditions (STCA, APW and MSAW), creating a rich level of information related to ATCO's performance. From professional perspective this is a valuable finding, as it indicates that a single training program can be developed and provided to both novice and expert ATCO with a result of improving safety performance and quicker response time to critical situations. The applications of current research not only could reduce ATCO's training cost for Air Navigation Service Providers, but also Air Traffic Management System providers would have benefits from ATCO by provided with the most optimal alerting schemes to increase their situational awareness and performance to ensure aviation safety.
